Summary
Introduction
Minority racial/ethnic groups, such as Black and Mexican Americans, experience a disproportionately larger burden of disability, morbidity and premature death as compared with White Americans (1) . Central obesity, in particular, is a major health problem in the USA and among one of the many health outcomes for which substantial racial disparities exist (2) . Specifically, disparities in central adiposity and the prevalence of abdominal obesity (3) have been reported among female race/ethnicity subgroups (4, 5) . Evidence suggests that non-Hispanic (NH) Black and Mexican American women possess significantly larger waist circumferences (WC) than NH White women. More alarming are recent reports that disparities in WC among female race/ethnicity groups have widened in recent years (6) . For instance, while WC was observed to increase among all female race/ethnicity groups, the upward shift in the WC distribution was much larger among NH Black women. Given the poor cardiometabolic health outcomes related to augmented levels of central adiposity (e.g. type II diabetes and non-alcoholic fatty liver disease) (7) (8) (9) , the identification of factors that explain, in part, the racial/ethnic disparities in WC is of great public health relevance.
Numerous studies have documented and evaluated racial/ethnic disparities in adiposity (10) . However, the majority of studies have limited their assessment to comparing the probability of reaching some unadjusted cut-point intended to indicate an unhealthy level of adiposity (such as BMI of 30 kg m À2 ) or making inference based solely on average adiposity levels. Few studies have comprehensively examined racial disparities in adiposity across the entire distribution of the adiposity measure. This is of particular importance as a number of previous studies suggest that associations between adiposity and several other important predictors, such as age and cardiorespiratory fitness (CRF), vary across the distribution of the adiposity measure and therefore are not adequately described by techniques focused only on a part of the adiposity distribution (i.e. comparing probabilities of being obese between groups) or comparing mean values (11, 12) . Furthermore, the few studies to date assessing racial/ethnic disparities across the WC distribution failed to account for CRF despite considerable documentation of its association with WC and race/ethnicity. In a recent study, moderate-to-high levels of CRF were found to be associated with lower WC (12) . Importantly, this study found that higher levels of fitness exhibited the greatest reductions in WC among individuals that were the most centrally obese (>90th percentile). Given that the documented upward shifts in the WC distribution have been most accelerated at the upper tails, the achievement of higher CRF appears to be critically important for this subgroup. Similarly, racial/ethnic disparities in CRF have also been documented. Specifically, NH Black women have been suggested to have lower levels of CRF compared with Mexican Americans and NH White counterparts (13) (14) (15) (16) . Therefore, the purpose of this study is to comprehensively explore racial/ethnic disparities in WC after adjusting for CRF, among both adult and adolescent women, using quantile regression.
Methods

Survey design and study population
This study used data from the 1999 to 2004 cycles of the national health and nutrition examination survey (NHANES), a series of cross-sectional population-level surveys from a nationally representative sample of noninstitutionalized US residents (17) . For the purpose of this study, only female participants aged 12 to 49 years were included in the analyses given the age restrictions of cardiovascular fitness test and the interest in the female subpopulation.
For the cardiovascular fitness test, 14,417 participants (men and women) were randomly selected to participate. Of these, 2,626 were excluded from the test because of various reasons (e.g. physical limitations, cardiovascular and/or respiratory conditions). Pregnant women (>12 weeks) were also excluded from the cardiovascular fitness test. After these exclusions, 11,093 participants were eligible for the cardiovascular fitness test, which was not completed by 2,769 participants because of various reasons (e.g. refusal, technical issue). As a result, maximal oxygen consumption was estimated for 8,234 eligible participants (18). Because this study focused solely on women, only 3,980 of the eligible participants were included. Of these, three female participants had missing anthropometric data (i.e. height and/or weight), resulting in a final analytic sample of 3,977 female participants aged 12 to 49 years.
Race and ethnicity
The race and ethnicity of the participants were assessed via questionnaire. For race, participants were asked to select a racial group they most identified with (i. Quantile regression has the advantage of allowing the examination of relationships across the entire distribution of the outcome, rather than only at the center, allowing for a more complete description of the association between racial/ethnicity and the outcome of interest (WC). For all quantile regression analyses, adjusted percentiles (10th, 25th, 50th, 75th, 90th and 95th) of the outcome were estimated using the 'R' survey package extended to accommodate quantile regression and account for the complex NHANES survey design with standard errors being calculated using replicate weights (20) . Quantile regression coefficients are interpreted similarly to mean regression coefficients except that a quantile regression coefficient indicates the change in the outcome variable at the modeled percentile, not the mean change. For example, consider a categorical predictor such as race/ethnicity with the following three levels; NH Black, Mexican and NH White (used as the referent level) in a quantile regression model with WC as the outcome. A coefficient estimate of 9.0 for NH Black in the quantile regression model for the 90th percentile would indicate that the 90th percentile of WC is estimated to be 9.0 cm greater for NH Black as compared with NH White after controlling for other covariates in the regression model. For the quantile regression analyses, WC (cm) was treated as the dependent variable. Estimated V O 2 max (mL O 2 kg À1 min À1 ), age (years), height (m) and race (NH White, NH Black, Mexican American, Hispanic and Other) were included as independent variables in the regression models. In the analysis for women aged 20-49 years, a linear spline with a knot at 40 years was included to account for a potential change in either the magnitude or the direction of the association between the outcome variable and age as women reach middle age. The inference from this study applies to the noninstitutionalized US civilian population from 12-49 years of age without physical limitations or history of cardiovascular disease (i.e. those eligible to take the fitness test). As discussed previously, the majority of item non-response was due to missing V O 2 max estimates. Data were assumed to be missing at random, and the potential impact of non-response on the regression coefficients for race/ethnicity at the 10th, 50th and 90th percentiles was assessed using multiple imputations using all variables in the quantile regression model via Gibbs sampling. The results from the imputation (not shown) were consistent in both magnitude and significance with results using complete cases and an average difference in the regression coefficients for NH Black of 0.2 cm and an average difference for Mexicans of 0.30 cm. As a result, for simplicity, the results from the complete case analyses are presented. In addition, all quantile regression analyses were repeated using weight (kg) in place of WC as the outcome variable.
Results
Demographic characteristics of the participants included in the analysis are presented in Table 1 . For both , respectively. The adjusted quantile regression estimates for the association of race/ethnicity on the 10th, 25th, 50th, 75th, 90th and 95th WC percentiles, for women, stratified by age group, are presented in Table 2 . For women aged 12 to 15 years, WC percentiles for Mexican American women tended to be greater than NH Whites, with significant differences found at the 10th, 25th, 50th and 75th adjusted WC percentiles and estimates ranging from 2.0 to 6.1 cm. No significant differences in WC between NH Black and NH White were observed across percentiles for this age group.
For women aged 16 to 19 years, adjusted WC percentiles for Mexican Americans were significantly greater than NH White at the 10th, 50th and 90th percentiles with estimated differences in WC ranging from 2.4 to 8.4 cm. Similarly, WC estimates for NH Black women were significantly greater than for NH White at percentiles greater than the 50th with estimated differences ranging from 5.2 to 11.6 cm.
For women aged 19 years and over, significant estimated differences in WC were found for both Mexican American and NH Black women. Specifically, at the 10th, 25th, 50th and 75th percentiles, Mexican American women had significantly higher WC compared with their NH White counterparts. Significant estimates in WC ranged from 4.3 to 7.6 cm. Likewise, WC estimates for NH Black women were significantly greater than for NH White for all percentiles above the 10th with estimates ranging from 6.1 to 11.5 cm.
The age-stratified estimated differences in WC for the 5th to 95th WC percentiles for NH Black and Mexican American (compared with NH White) from the adjusted quantile regression models are presented in Figures 1  and 2 , respectively.
Discussion
The major finding of this study is that significant disparities in central adiposity among NH Black and Mexican American women, as compared with NH White, remain even after adjustment for CRF and the magnitude of these disparities associated with race/ethnicity differ across WC percentiles and age groups.
The presence of disparities in the central adiposity, among NH Black and Mexican American women after the adjustment for CRF, suggests that other factors may be more important in explaining these disparities. While larger WCs among NH Black and Mexican American women have been repeatedly documented in the scientific literature, studies examining the relationship between race/ethnicity and central adiposity using rigorous measurement methods (e.g. MRI and DEXA) reported contrary findings. Specifically, several studies have found that NH Blacks have a smaller amount of visceral fat (i.e. central adiposity) compared with NH White counterparts of the same height and weight (21-23). The striking difference in the findings between these studies may be due to the inclusion of body weight as a covariate, which was excluded in the present analysis. As such, the contradicting nature of the findings between the current study and others may implicate weight as an important factor in explaining these racial/ethnic disparities in central adiposity.
To explore this apparent contradiction, we performed additional quantile regression analyses using weight (kg) as the outcome variable, in place of WC (Table 3) . Results show that for all age groups, NH Black and Mexican American women tended to be significantly heavier compared with NH White counterparts of the same age, fitness level and height, across a majority of weight percentiles. Across all age groups, the magnitude of the estimated differences between NH Black and NH White tended to increase with increasing weight percentiles. Estimated differences in weight range from 2.5 to This speculation is supported by the findings of this study and others documenting increased weight among the NH Black female population (4, 24, 25) .
While many factors may influence weight gain, physical activity (and CRF) and caloric intake are likely the primary determinants and are intricately related. It is well documented that considerable levels of physical activity or high levels of fitness are associated with a healthier weight status, specifically and importantly favourable body composition (i.e. less adipose tissue). This is likely because of the increases in lean body mass, basal metabolic rate and a greater sequestering of nutrient energy to the skeletal muscle tissue resulting in decreased adipogenic nutrient partitioning (i.e. less nutrient energy available to be stored as fat) and decrements in weight (26) (27) (28) . In this study, differences in WC were estimated between NH Black and Mexican Americans relative to NH White adolescent and adult women with comparable CRF levels. Because an individual must engage in chronic exercise training to maintain or increase their level of CRF, CRF is considered to be a surrogate measure of habitual physical activity of an individual (29, 30) . Given that physical activity is a primary determinant of weight status and that racial/ethnic disparities in WC persisted after the adjustment of CRF, it may be speculated that the differences in central adiposity found among NH Blacks and Mexican American women may be attributable to caloric intake. Numerous studies have been published in the current literature regarding the role of caloric intake on weight status. A substantial body of literature indicates that diet plays a critical role and that among racial/ethnic minority groups, less 'healthier' foods (e.g. sugarsweetened beverages, high-calorie foods) (31) . In addition, some literature suggests that less 'healthy' food options are made available to low-income areas, typically composed of high minority populations, thus reinforcing the consumption of 'unhealthy diets' (32, 33) . These findings may explain the increased weight among these subpopulations (34) .
While there is an established physiological basis for the role of caloric intake and weight status, albeit it is intricately tied to physical activity, much of the evidence in the human populations regarding this relationship is supported by studies predominantly using self-reported measures of diet. Of considerable concern, the scientific merit of data derived from these measures has been repeatedly refuted in the current literature and is suggested to be inadmissible as scientific evidence (35, 36) . As a result, it is difficult even to speculate regarding the role of caloric intake as a potential explanatory factor for the differences in weight (or WC) documented in this study found among NH Black and Mexican American women. However, this heavily suggests that future researchers invest in the development of more rigorous (i.e. objective) measures of caloric intake to allow for this relationship and other diet-health relationships to be explored scientifically.
In addition, substantial differences in the trends in the WC disparities across percentiles, age groups and race/ethnicities were also observed. As demonstrated in Figure 1 , for the 12-15 years age group, no substantial differences between NH Black and NH White women were observed, while differences in WC between NH Black and NH White for the 16-19 years age group tended to increase with increasing WC percentiles showing significant differences for all WC percentiles greater than 0.65 ranging in magnitude from 5.1 to 11.6 cm. Similarly, for the over 19 years age group, differences in WC between NH Black and NH White tended to be large with all estimated differences above the 20th percentile significant and larger than 5.0 cm. In contrast, differences in WC between Mexican Americans and NH White were more consistent across age groups. A potential explanation for this observation may be that NH Black women tend to reach sexual maturity earlier than their NH White counterparts (37) and consequently may gain more weight and accrue body fat at an earlier age. Previous results, not adjusted for CRF, showed significant differences in mean adiposity by age 12 with these differences growing with age (38) . The results from the present study demonstrate that while this racial/ethnic disparity in weight remained across all age groups after adjusting for CRF, significant differences in WC were not observed for the 12-15 years age group. Increased levels of adiposity have been suggested to be a predictor of early onset of menarche. Thus, the racial/ethnic differences found in the older adolescent group may be consequent to an augmented acceleration of fat deposition during maturation induced by elevated levels of adiposity prior to its onset. This potentially suggests that by the age of 16 years, NH Black women, specifically people with obesity, may have already overcome their physiological advantage of lesser storage of visceral adipose tissue, illustrated by the larger WCs found in this study.
There are many strengths to this study that warrant attention. First, this study is the first to assess race/ethnic disparities in central adiposity across WC percentiles after adjusting for CRF. These findings indicate that even after accounting for CRF, racial/ethnic disparities in WCs remained. This suggests that other important factors such as weight may potentially explain these disparities. Second, the use of quantile regression allowed us to comprehensively examine the nature of these relationships with results showing the greatest racial disparities at the upper WC/Weight percentiles where estimated racial differences were as large as 11.6 cm in WC and 16.7 kg in weight. Third, a large, diverse and nationally representative sample of adolescent and adult women was used that increases the generalizability to this subpopulation.
In addition to these strengths, this study has some weaknesses that necessitate mention. First, although the sample used was large, and nationally representative, the conclusions drawn can only be extended to those who were 'healthy enough' to undergo a cardiovascular fitness test. Second, this study was cross-sectional, and as such, causal inferences cannot be drawn from these findings.
Conclusions
In conclusion, the findings from this study demonstrate three important concepts. First, NH Black and Mexican American women exhibited higher levels of central adiposity relative to their NH White counterparts after accounting for fitness. Second, in addition to increased WC, these female minority groups also demonstrated higher weight than NH White women with the estimated magnitude of these differences as much as 16 kg. It is speculated from these findings that the augmented levels of central obesity may be attributable to excess weight. Third, NH Black women showed large differences in WC as compared with NH White only after 15 years of age. Lastly, physical activity (and CRF) and caloric intake have been identified as primary factors in weight status (e.g. gain or loss), and because disparities in WC were present after accounting for fitness, diet may be suggested as an attributable factor to these differences in central adiposity. However, because a majority of the studies examining the role of diet on weight status utilize selfreported measures of caloric intake, no further speculations can be made. Thus, it is strongly recommended that future researchers invest in the development of rigorous, objective measures of dietary intake in order to assess the potential role of caloric intake on the racial/ethnic disparities in central adiposity and weight and other health-related outcomes. statistical analysis. M. K. and M. C. provided editorial assistance. All authors were involved in writing/reviewing the paper and had final approval of the submitted version.
